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Abstract
Background: The purpose of this study was to determine the prevalence of coinfection with malaria and
intestinal parasites, as well as to determine its association with anaemia in children aged 10 years and below
in Muyuka, Cameroon.
Materials and methods: This was a cross-sectional study. Participants were febrile children who were admitted to
the Muyuka district hospital between April and October 2012. Blood and stool samples were collected from those
participants who gave consent to take part in the study. Haemoglobin concentration (Hb) and complete blood count
(CBC) were performed using an automated haematology analyser (Mindray®, BC-2800). Giemsa-stained blood film was
examined to detect malaria parasites, while the formol-ether concentration technique was used to detect intestinal
parasitic infections (IPIs). The Pearson’s chi-square, Student’s T-test and correlation analysis were all performed as part of
the statistical analyses.
Results: Four hundred and eleven (411) children successfully took part in this study. The prevalence of malaria, IPIs,
malaria and IPI coinfection, and anaemia observed were 98.5 %, 11.9 %, 11.9 % and 44.8 %, respectively. Anaemia and
IPIs were significantly associated with age; anaemia was more prevalent in children under five years of age (p = 0.000),
whereas IPIs were more prevalent in children aged between five and 10 years (p = 0.006). The parasite species isolated
included Ascaris lumbricoides (36 [73.5 %]), Entamoeba histolytica/dispar (9 [18.4 %]) and hookworm (4 [8.2 %]).
The mean Hb observed was 10.64 g/dl (±1.82). A significant negative correlation was observed between malaria parasite
density and Hb. There was no significant difference in the prevalence of anaemia among children infected with malaria,
IPIs, or malaria and IPI coinfection, or among non-infected children. Similarly, the mean Hb did not differ among infected
and non-infected children.
Conclusion: This study showed that malaria and IPIs still constitute a major public health problem in the
study area despite a lack of any significant association between these infections and anaemia. The findings
suggest that there is a need for the implementation of control measures to curb the rate of malaria and IPIs
in the study area.
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Background
Malaria and intestinal parasitic infections (IPIs) are among
the most prevalent diseases in Sub-Saharan Africa (SSA).
Although there has been a decline in the global prevalence
of malaria (due to an increased number of funding bodies
that have been contributing to the fight against the disease
in the last decade), hundreds of thousands of people still
die from the disease every year. The most vulnerable
group is children [1]. In 2013, 198 million cases of malaria
and 584,000 deaths were reported [2]. The majority of
deaths from malaria occurred in children under 15 years
of age in SSA [3]. Five protozoan species, namely
Plasmodium vivax, P. ovale, P. malariae, P. knowlesi
and P. falciparum, cause malaria, with the latter being
the most virulent and accounting for the majority of
malaria deaths [4, 5].
In the tropics, IPIs constitute a major public health
problem, as these areas are often characterised by all the
conditions favouring transmission of these infections, in-
cluding a humid climate, unsanitary environments and
poor socio-economic conditions. Helminths or protozoa,
or both, cause IPIs. Neglected IPIs, particularly infection
with helminths (helminthiasis), are a major cause of
morbidity, especially in resource-limited settings [6].
The incidence of IPIs is approximately 50 % in devel-
oped countries and reaches up to 95 % in developing
countries, with SSA having the highest burden of these
infections [7, 8].
Due to malaria’s and IPI’s overlapping distribution,
concomitant infection with malaria and intestinal para-
sites is common in developing countries, especially in
SSA. Coinfection causes varying effects in the host. Con-
comitant infections in children have been shown to ad-
versely affect their development and learning capabilities
[9–11], and have been associated with increased suscep-
tibility to other infections [12–14]. Studies have shown
that individuals coinfected with more than one parasite
species are at risk of increased morbidity [15–19], as
well as an increased risk of developing more frequent
and severe diseases due to interactions among infecting
parasite species [12, 13, 20]. Concomitant infection with
malaria and intestinal parasites is also associated with
anaemia. Intestinal parasitic infections, especially those
with hookworm and Trichuris trichiura, cause anaemia
by increasing blood and iron loss in the intestinal tract.
Meanwhile, malaria is associated with a decrease in
the amount of haemoglobin, increased destruction of
parasitised red blood cells (RBCs), shortened lifespan
of non-parasitised RBCs and decreased production of
RBCs in the bone marrow, which eventually leads to
anaemia [21, 22].
Little research has been done to investigate the associ-
ation between malaria and IPI coinfection with anaemia
in children. Moreover, no study of this sort has ever
been conducted in the health district of Muyuka, South-
west Region of Cameroon, an area characterised by high
malaria transmission. Therefore, the present study was
undertaken to determine the prevalence of malaria and
IPI coinfection, as well as to determine its association
with anaemia in children aged 10 years and below. The
findings of this study can be used to inform intervention
strategies.
Methods
Study design and duration
This was a cross-sectional study conducted between
April and October 2012. The study participants were
febrile children who were admitted to the Muyuka dis-
trict hospital during the study period.
Study area
Muyuka (4°43’18”N, 9°38’27”E) is a small town in the
Fako Division, Southwest Region of Cameroon. It is situ-
ated some 31 km from Buea, the region’s capital. It is an
administrative headquarter and is also a health district
with one district hospital. There are two main seasons
(the rainy season, which lasts from mid-March to Octo-
ber, and the dry season, which lasts from November to
early March). The mean temperature ranges from 23 °C
in the coldest months to 33 °C in the hottest months.
The population is cosmopolitan, with about 118,470 in-
habitants. The major ethnic group is the Balong tribe,
followed by the Bakweri (however, this tribe do interact
with smaller villages such as Ekata, Bafia, Yoke, Malende,
Muyenge and Meanja). The main activity is farming, with
cocoa being the major cash crop. The planning of this site
has been poorly done, with settlements and several farms
clustered around. There are breeding sites for Anopheles
mosquitoes around homes. Hospital records show that
malaria transmission occurs all year round, with peaks at
the beginning of the rainy season (April and May).
Study population
Eligible participants were children aged 10 years and
below who resided in the Muyuka health district (from
Ekata, Bafia, Yoke, Malende, Muyenge or Meanja), and
were not on any antimalarial or antiparasitic drugs for at
least two weeks prior to the study commencing.
Specimen collection and processing
Once participants gave signed informed consent, their
stool and blood samples were collected. Parents or guard-
ians were instructed to put a teaspoon of stool into sterile
leak-proof wide-neck stool containers. About 4 ml of
whole blood was collected into EDTA anticoagulated
tubes to perform the complete blood count (CBC).
Thick and thin blood films were prepared for malaria
microscopy.
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Determining the haemoglobin concentration (Hb)
The CBC was performed using the Mindray® automatic
haematology analyser (BC-2800, Shenzhen Mindray Bio-
Medical Electronics Co., Ltd, Shenzhen, P.R. China).
Haemoglobin concentration (Hb) was obtained from the
CBC results. The levels of anaemia were defined as stip-
ulated by the World Health Organization (WHO) [23]:
children under five years of age, Hb < 11 g/dl; and chil-
dren aged five to 10 years, Hb < 11.5 g/dl. Further classi-
fication was done to determine severe, moderate and
mild anaemia cases, which produced values of <6 g/dl,
6.1–8 g/dl and 8.1–10.9 g/dl, respectively [24].
Parasitological analysis
1) Detection of malaria parasites: Thick and thin blood
films were prepared and stained with 10 % Giemsa
and examined using methods previously described
[25]. If parasites were observed, the density was then
determined by counting the number of parasites
against 200 leucocytes. The parasite density was
obtained by dividing the number of parasites by 200
and multiplying the result by the actual white blood
cell count of the patient [26].
2) Stool processing and detection of intestinal parasites
using the formol-ether concentration technique: Using
an applicator stick, about one gram of stool was
emulsified in about 7 ml of 10 % formol water in a
screw-cap tube. This process has previously been
described by Cheesbrough [27].
Statistical analysis
Data collected were entered into an Excel spreadsheet and
analysed using the Stata® version 12.1 software (StataCorp
LP, Texas, USA). The statistical tests performed included
the Pearson’s Chi-square for the group comparison, the
Student’s T-test to compare group means, and correlation
analysis to determine the association between parasite
density and Hb. Statistical significance was set at p < 0.05.
Ethical considerations
The present study was approved by the institutional re-
view board of the Faculty of Health Sciences, University
of Buea, Cameroon. Administrative clearance was ob-
tained from the delegation of public health in the South-
west Region of Cameroon. Participation was voluntary
and the objectives of the study were explained to all the
participants (parents of children). Parents or guardians
signed consent forms on behalf of their children.
Results
Four hundred and fifty-three (453) children were ap-
proached to participate, with 411 (90.7 %) being success-
ful and consequently providing stool samples and blood
specimens. The mean (±SD) age of the participants was
41.3 (±33.53) months. There were 214 (52.07 %) females
and 197 (47.93 %) males.
Four hundred and five (405) participants were positive
for malaria, resulting in a prevalence of 98.5 % (95 % CI:
97.4–99.7). The prevalence was higher among males
(196/197 [99.5 %]) than females (209/214 [97.7 %]), how-
ever, no significant association was observed between
the prevalence of malaria and gender (χ2 = 2.385, p =
0.123). The prevalence of malaria was higher in children
aged between five to 10 years (115/116 [99.1 %]) com-
pared to children below five years of age (290/295
[98.3 %]). Again, no significant difference was observed
between the prevalence of malaria and age (χ2 = 0.4015,
p = 0.526). The parasite density ranged between 65 and
160,523 (mean ± SD = 10,332.67 ± 24,746.6).
Among the 411 participants, 49 were positive for in-
testinal parasites, resulting in a prevalence of 11.9 %
(95 % CI: 8.78–15.1). Infections with helminths were
more common than those with protozoa (81.6 % vs.
18.4 %). As well as that, IPIs were more prevalent (χ2 =
7.64, p = 0.006) in children aged between five and
10 years (22/116 [19.0 %]) compared to children below
five years of age (27/295 [9.2 %]). The prevalence of
infection was higher in males (27/197 [13.7 %]) than in
females (22/214 [10.3 %]), however, no significant associ-
ation was observed between the prevalence of IPIs and
gender (χ2 = 1.146, p = 0.284). Infection with the Ascaris
lumbricoides species was the most common IPI identified
(36 [73.5 %]), followed by Entamoeba histolytica/dispar (9
[18.4 %]) and hookworm (4 [8.2 %]). No significant associ-
ation was observed between the prevalence of parasite
species and age (χ2 = 0.6072, p = 0.738). Infection with
more than one species of intestinal parasites (polyparasit-
ism) was not observed in this study.
All children infected with intestinal parasites were also
coinfected with malaria. This means that the prevalence
of malaria and IPI coinfection is also 11.9 %.
In this study, 184 of the 411 participants were an-
aemic, resulting in a prevalence of 44.8 % (95 % CI:
39.9–49.7). The prevalence rates of mild, moderate and
severe anaemia were 69.6 % (128), 17.4 % (32) and
13.0 % (24), respectively. Anaemia was more prevalent
(χ2 = 17.41, p = 0.000) in children aged five years or
below (151/295 [51.2 %]) compared to children between
five and 10 years of age (33/116 [28.5 %]). The preva-
lence of anaemia was higher in females (101/214
[47.2 %]) compared to males (83/197 [42.1 %]), however,
no significant association was observed between preva-
lence of anaemia and gender (χ2 = 1.064, p = 0.302).
Out of the participants who were positive for malaria,
183 (45.2 %) were anaemic, however, no significant
association was observed between the prevalence of
malaria and anaemia (χ2 = 1.95, p = 0.163). Among the
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participants with IPIs, 27 (55.1 %) were anaemic. Again,
no significant association was observed between the
prevalence of IPIs and anaemia (χ2 = 2.4, p = 0.121).
Species-specific analysis didn’t reveal a significant associ-
ation between the different species of intestinal parasites
and anaemia (χ2 = 0.17, p = 0.920) (see Table 1).
The prevalence of severe anaemia was 13.1 %, 14.8 %
and 14.8 % among the participants with malaria, IPIs,
and malaria and IPI coinfection, respectively (see
Table 2). No significant difference was observed between
the degree of anaemia and type of infection (χ2 = 0.277,
p = 0.992).
In this study, the mean (±SD) Hb was 10.64 g/dl
(±1.82) (range: 3.5–13.7). The mean Hb did not differ
significantly among children who were infected with
malaria and those who were not (p = 0.127), or between
children with IPIs and those without (p = 0.14) (see
Table 3). However, a significant negative correlation
was observed between Hb and malaria parasite dens-
ity (r =–0.23, p = 0.000) (see Fig. 1).
Discussion
In the present study, the prevalence of malaria among
the study participants was 98.5 %, which is very high
compared to the prevalence reported in children in
other areas of the Southwest Region of Cameroon. This
includes the 50.7 % reported in villages in Mbonge [11],
33.8 % in Limbe and Buea [28], and 40.6 % in the Centre
Region of Cameroon [29]. These discrepancies could be
explained by the fact that the present study was hospital-
based in which febrile children were enrolled, compared
to the other studies in which apparently healthy children
either from schools or the community were enrolled.
Compared to similar studies done in other countries, the
prevalence of malaria we found was also very high; 28.8 %
was reported in Southern Ethiopia [30], 29.8 % in
Tanzania [19] and 11.5 % in northwest Ethiopia [31].
These differences could be attributed to the different
levels of malaria endemicity in these areas compared to
our study, which was concerned with holoendemic and
hyperendemic malaria. Furthermore, our study was
conducted during the rainy season, when malaria trans-
mission reaches its peak.
No significant associations were observed between the
prevalence of malaria and age in this study, which is in
line with several studies done elsewhere [19, 29], but
contrary to the studies done by Degarege et al. [30] and
Alemu et al. [31]. Similarly, malaria was not observed to
be associated with gender, which conforms to studies
conducted elsewhere [19, 29, 30]. However, in the study
conducted by Alemu et al. [31], the prevalence of mal-
aria was observed to be higher in males than in females.
In the present study, the prevalence of IPIs was
11.9 %, which is lower compared to the 34.7 % reported
in communities around Dschang, in the West Region of
Cameroon [32], 22.7 % in Thailand [33] and 34.2 % in
Ethiopia [34]. These discrepancies could be attributed to
the differences in diagnostic techniques used to detect
parasites, as well as geographical differences. Regular
deworming campaigns, run by the Cameroon’s Ministry
of Public Health, have taken place in the study area,
which may account for the lower prevalence of IPIs. The
prevalence of helminths was higher than the prevalence
of protozoa (81.6 vs. 18.4 %), which is in consonance
with some studies [32, 34], but in contrast with others
[35, 36]. Intestinal parasitic infections were more preva-
lent in children aged five years and above (p = 0.006),
which conforms to studies done elsewhere [29, 32]. This
could be attributed to differences in exposure levels in
children as they grow. The intestinal parasites isolated in
this study were Ascaris lumbricoides (73.5 %), Entamoeba
histolytica/dispar (18.4 %) and hookworm (8.2 %). Ascaris
lumbricoides species being the predominant parasite
Table 1 Association of anaemia, malaria and IPIs in the study population
Type of infection N Anaemia Chi-square p-value
Absent (%) Present (%)
Malaria 405 222 (54.8) 183 (45.2) χ2 = 1.95 0.163
IPIs* 49 22 (44.9) 27 (55.1) χ2 = 2.4 0.121
Parasite species
Hookworm 4 2 (50) 2 (50)
Ascaris lumbricoides 36 17 (47.2) 19 (52.8) χ2 = 0.17 0.920
Entamoeba histolytica/dispar 9 3 (33.3) 6 (66.7)
*All patients with IPIs were also infected with malaria, which implies coinfection
Table 2 Association of different levels of anaemia, and malaria
and IPIs in the study population
Type of
infection
n Type of anaemia
Mild (%) Moderate (%) Severe (%)
Malaria 183 127 (69.4) 32 (17.5) 24 (13.1)
IPIs* 27 19 (70.4) 4 (14.8) 4 (14.8)
Total 210 146 (69.5) 36 (17.1) 28 (13.3)
*All patients with IPIs were also infected with malaria, which
implies coinfection
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species causing infection in children is in line with
other studies conducted in other areas of Cameroon
[11, 29, 37, 38], and elsewhere [39]. Infection with more
than one intestinal parasite (polyparasitism) was not
observed in this study. The intensity of isolates was not
determined because the Kato-Katz technique was not
employed (due to problems with logistics), and this
constituted a major limitation. Furthermore, we were
unable to separate E. histolytica from E. dispar.
All the children with IPIs in the present study also
had malaria, resulting in a prevalence of 11.9 % for
coinfection. This figure is low compared to the 26.1 % re-
ported by Makoge et al. [11] and 60 % reported in
Tanzania [19], but high compared to the 7.7 % reported in
Southwest Ethiopia [40]. The low prevalence of malaria
and IPI coinfection could be attributed to the same factors
responsible for the low prevalence of IPIs in general, as
outlined above.
The prevalence of anaemia was 44.8 % in this study.
This is high and may have consequences on learning
and development of children if not addressed rapidly.
The prevalence of anaemia observed in this study is
lower compared to the 57.6 % reported in Mbonge [11],
but higher compared to the 33.5 % reported in the
Centre Region of Cameroon [29], 19.8 % in Limbe and
Buea in the Southwest Region of Cameroon [28], and
10.9 % in Ethiopia [31]. Again, this could be due to the
differences in study design. Anaemia was more signifi-
cantly more prevalent in children below five years of age
(p = 0.000), but no significant association was observed
between the prevalence of anaemia and gender. Young
children are more vulnerable to anaemia, a situation
complicated by the presence of infections with bacteria,
malaria and intestinal parasites. The association between
anaemia and age aligns with some studies [11, 17], but is
contrary to a study conducted by Alemu et al. [31], in
which no association between the prevalence of anaemia
and age was observed. No association was found be-
tween the prevalence of anaemia and gender in studies
conducted elsewhere [11, 29, 31] either. In this study,
13.3 % of participants had severe anaemia, which is
above the range of 1.3–6.4 % estimated for severe an-
aemia in children residing in malaria-endemic areas of
Africa [41]. No significant association was observed be-
tween anaemia and malaria monoinfection, IPI monoin-
fection, and malaria and IPI coinfection. No significant
association between infection and the degree of anaemia
was observed. Makoge et al. [11] also found no association
between malaria or IPIs and anaemia, and Tsuyuoka et al.
[37] likewise did not observe any association between in-
testinal parasites and anaemia. However, other studies
conducted elsewhere have reported a significant associ-
ation between malaria, intestinal helminths and anaemia
[19, 31, 42–44]. Malaria is the most important infectious
cause of anaemia, especially in developing countries [45].
Not observing any significant association between malaria
and anaemia could be attributed to the very high preva-
lence of malaria in this study; only six children were not
infected with malaria. Nevertheless, there are other im-
portant causes of anaemia including malnutrition, which
is rampant among impoverished communities in develop-
ing countries [46].
The association between intestinal parasites, especially
hookworm, and the development of anaemia is well
known, however, infection with other parasites such as
Entamoeba histolytica can also lead to anaemia through
blood loss in diarrhoea. In this study, species-specific
analysis didn’t reveal a significant association between
the different parasite species and anaemia. This differs
from the study conducted by Osazuwa et al. [38], in
which a significant association was observed between
hookworm and Ascaris lumbricoides, and anaemia.
The mean (±SD) Hb of participants in this study was
10.64±1.82. No significant difference in the mean Hb
was observed between malaria infected and non-malaria
infected children (p = 0.127), or between participants
infected with intestinal parasites and those not infected
(p = 0.14). The lack of a significant association between
malaria and Hb could be attributed to the very high
prevalence of malaria in this study. In contrast, a study
conducted by Yentür et al. [44] observed that IPIs
Fig. 1 Plot of Hb against malaria parasite density. The figure shows
an inverse relationship between malaria parasite density and Hb
Table 3 Comparison of Hb (g/dl) among the study population
Type of infection Mean Hb±SD p-values
Malaria Negative 11.48±1.47 0.127
Positive 10.63±1.82
IPIs* Negative 10.68±1.8 0.14
Positive 10.38±1.98
*All patients with IPIs were also infected with malaria, which
implies coinfection
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significantly lowered Hb in infected children, but this
depended on the intensity of the infection.
A significant negative correlation between malaria para-
site density and Hb was observed in this study (r =–0.23,
p = 0.000). This conforms to a study done in Nigeria by
Achidi et al. [47]. This is because when the parasite dens-
ity increases, there’s an increasing destruction of RBCs
and an eventual decrease in the Hb. This evaluation was
not feasible with IPIs because the parasite intensity was
not determined. In another study, Cornet et al. [48] did
not observe such a correlation, although they did identify
malaria as a risk factor for anaemia.
Conclusion
This study revealed a very high prevalence of malaria
and anaemia, and a lower prevalence of IPIs, in the
study area. Ascaris lumbricoides, Entamoeba histolytica/
dispar and hookworm all caused IPIs in the study popu-
lation. No significant association was observed between
malaria, IPIs, or malaria and IPI coinfection with an-
aemia, but a significant negative correlation was ob-
served between malaria parasite density and Hb. These
findings therefore underline the need for intervention
programmes to work at reducing the disease burden in
the study area. Measures including education on per-
sonal hygiene and environmental sanitation, regular use
of chemotherapy, and use of antimalarial (intermittent
preventive treatment) and anthelminthic medication
should be encouraged.
Abbreviations
CBC: Complete blood count; Hb: Haemoglobin concentration; IPI: Intestinal
parasitic infection; RBC: Red blood cell; SSA: Sub-Saharan Africa; WHO: World
Health Organization.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
ALN conceived, designed and coordinated the study, and critically revised
the paper. SGF participated in the data collection, took part in the analyses
and interpretation, and conducted the literature search and review. DSN and
JCNA participated in the design of the study and the statistical analysis, and
critically revised the paper. TDBK participated in the statistical analysis,
conducted the literature search and review, and co-wrote the first draft of
the paper. TEK participated in the data collection, took part in the analyses
and interpretation, conducted the literature search and review, and co-wrote
the first draft of the paper. All authors read and approved the final paper.
Acknowledgements
The authors wish to thank the director, doctors, nurses and laboratory staff
of the Muyuka district hospital for allowing to use their patients and for their
help in the data collection. Our sincere gratitude also goes to the patients
who took part in this study.
Author details
1Department of Medical Laboratory Sciences, University of Buea, P.B. 63,
Buea, Cameroon. 2Department of Public Health and Hygiene, University of
Buea, P.B. 63, Buea, Cameroon. 3Department of Microbiology and
Parasitology, University of Buea, P.B. 63, Buea, Cameroon.
Received: 21 July 2015 Accepted: 29 September 2015
References
1. Center for Disease Control and Prevention. Malaria Worldwide. 2014.
Accessed 13/07/2015 at http://www.cdc.gov/malaria/malaria_worldwide/
index.html.
2. World Health Organisation. World malaria report 2014. Geneva: World
Health Organisation; 2014. http://www.who.int/malaria/publications/
world_malaria_report_2014/wmr-2014-no-profiles.pdf.
3. Murray CJ, Rosenfeld LC, Lim SS, Andrews KG, Foreman KJ, Haring D, et al.
Global malaria mortality between 1980 and 2010: A systematic analysis.
Lancet. 2012;379(9814):413–31.
4. Olupot-Olupot P, Maitland K. Management of severe malaria: Results from
recent trials. Adv Exp Med Biol. 2013;764:241–50.
5. World Health Organisation. Malaria Fact sheet N°94. Geneva: World Health
Organisation; 2014.
6. Zeukeng F, Tchinda VHM, Bigoga JD, Ndzi CHTES, Abonweh G, Makoge V, et al.
Co-infections of Malaria and Geohelminthiasis in Two Rural Communities of
Nkassomo and Vian in the Mfou Health District, Cameroon. PLoS Negl Trop
Dis. 2014;8(10):e3236.
7. Hotez PJ, Fenwick A, Savioli L, Molyneux DH. Rescuing the bottom billion
through control of neglected tropical diseases. Lancet. 2009;373:1570–5.
8. Ngui R, Ishak S, Chuen CS, Mahmud R, Lim YAL. Prevalence and Risk Factors
of Intestinal Parasitism in Rural and Remote West Malaysia. PLoS Negl Trop
Dis. 2011;5(3):e974.
9. Grantham-McGregor S, Ani C. A review of studies on the effect of iron
deficiency on cognitive development in children. J Nutr. 2001;131:649S–68S.
10. Ezeamama AE, Friedman JF, Acosta LP, Bellinger DC, Langdon GC, Manalo
DL, et al. Helminth infection and cognitive impairment among Filipino
children. Am J Trop Med Hyg. 2005;72(5):540–8.
11. Makoge VD, Mbah GA, Nkengazong L, Sahfe NE, Moyou RS. Falciparum
malaria, helminth infection, and anaemia in asymptomatic pupils in four
villages in Cameroon. European Journal of Zoological Research.
2012;1(2):54–9.
12. Nacher M, Singhasivanon P, Yimsamran S, Manibunyong W, Thanyavanich N,
Wuthisen R, et al. Intestinal helminth infections are associated with increased
incidence of Plasmodium falciparum malaria in Thailand. J Parasitol.
2002;88(1):55–8.
13. Sokhna C, Le Hesran JY, Mbaye PA, Akiana J, Camara P, Diop M, et al.
Increased malaria attacks among children presenting concomitant
infections by S. mamsoni in Senegal. Malar J. 2004;3:43.
14. Hillier SD, Booth M, Muhangi L, Nkurunziza P, Khihembo M, Kakande M, et al.
Plasmodium falciparum and helminth co-infections in semiurban population
of pregnant women in Uganda. J Infect Dis. 2008;198:920–7.
15. Mwatha JK, Jones FM, Mohamed G, Naus CW, Riley EM, Butterworth AE, et al.
Associations between Anti–Schistosoma mansoni and Anti–Plasmodium
falciparum Antibody Responses and Hepatosplenomegaly, in Kenyan
Schoolchildren. J Infect Dis. 2003;187:1337–41.
16. Booth M, Vennervald BJ, Kabatereine NB, Kazibwe F, Ouma JH, Kariuki CH, et al.
Hepatosplenic morbidity in two neighbouring communities in Uganda with
high levels of aschistosoma mansoni infection but very different durations of
residence. Trans Roy Soc Trop Med Hyg. 2004;98:125–36.
17. Nkuo-Akenji TK, Chi RC, Jerome F, Ndamukong KJ, Sumbele I. Malaria and
helminth coinfection in children living in malaria endemic settings of
mount Cameroon and predictors of anaemia. J Parasitol. 2006;92(6):1191–5.
18. Wiria EA, Prasetyani AM, Hamid F, Wammes JL, Lell B, Ariawan I, et al. Does
treatment of intestinal helminth infections influence malaria? Background
and methodology of a longitudinal study of clinical, parasitological and
immunological parameters in Nangapanda, Flores, Indonesia (Immuno SPIN
study). BMC Infect Dis. 2010;10:77.
19. Kinung’hi SM, Magnussen P, Kaatano GM, Kishamawe C, Vennervald BJ.
Malaria and Helminth Co-Infections in School and Preschool Children: A
Cross-Sectional Study in Magu District, North-Western Tanzania. PLoS ONE.
2014;9(1):e86510.
20. Tshikuka JG, Scott ME, Gray-Donald K, Kalumba ON. Multiple infection with
plasmodium and helminths in communities of low and relatively high
socio-economic status. Ann Trop Med Parasitol. 1996;90:277–93.
21. Menendez C, Fleming AF, Alonso PL. Malaria related anaemia. Parasitol
Today. 2000;16:469–76.
Njunda et al. Infectious Diseases of Poverty  (2015) 4:43 Page 6 of 7
22. McDevitt MA, Xie J, Gordeuk V, Bucala R. The anemia of malaria infection:
The role of inflammatory cytokines. Curr Hematol Rep. 2004;3:97–106.
23. WHO. Iron deficiency anemia, Assessment, prevention, and control: a guide
for program managers. Geneva: World Health Organisation, Technical report
series; 2001. p. 114.
24. Cheesbrough M. District laboratory practice in tropical countries.
Cambridge: Cambridge University Press: Part1&2; 2009.
25. Njunda AL, Assob NJC, Nsagha SD, Kamga FHL, Mokenyu MD, Kwenti ET.
Comparison of capillary and venous blood using blood film microscopy in
the detection of malaria parasites: A hospital based study. Scientific Journal
of Microbiology. 2013;2(5):89–94.
26. Research Malaria Microscopy Standards Working Group. Microscopy for the
detection, identification and quantification of malaria parasites on stained
thick and thin films. Geneva: World Health Organization; 2015. p. 25.
27. Cheesbrough M. District Laboratory Practice in Tropical Countries. Secondth
ed. Cambridge: Cambridge University Press; 2006. p. 178–235.
28. Sumbele IUN, Kimbi HK, Ndamukong-Nyanga JL, Nweboh M, Anchang-
Kimbi JK, Lum E, et al. Malarial Anaemia and Anaemia Severity in Apparently
Healthy Primary School Children in Urban and Rural Settings in the Mount
Cameroon Area: Cross Sectional Survey. PLoS One. 2015;10(4):e0123549.
29. Tchinda VHM, Ponka R, Ndzi ES, Madocgne AK, Amédée M, Tchinda MG, et
al. Prevalence of malaria and soil-transmitted helminth infections and their
association with undernutrition in schoolchildren residing in Mfou health
district in Cameroon. Journal of Public Health and Epidemiology.
2012;4(9):253–60.
30. Degarege A, Legesse M, Medhin G, Animut A, Erko B. Malaria and related
outcomes in patients with intestinal helminths: a cross-sectional study. BMC
Infect Dis. 2012;12:291.
31. Alemu A, Shiferaw Y, Ambachew A, Hamid H. Malaria helminth co-infections
and their contribution for anaemia in febrile patients attending Azzezo
health center, Gondar, Northwest Ethiopia: a cross sectional study. Asian
Pacific Journal of Tropical Medicine. 2012;5:803–9.
32. Fusi-Ngwa C, Besong E, Pone JW, Mbida M. A Cross-Sectional Study of
Intestinal Parasitic Infections in Children in Ghettoed, Diverse and Affluent
Communities in Dschang, West Region, Cameroon. Open Access Library
Journal. 2014;1:e1081.
33. Wongstitwilairoong B, Srijan A, Serichantalergs O, Fukuda CD, Mcdaniel P,
Bodhidatta L, et al. Intestinal parasitic infections among pre-school children
in Sangkhlaburi, Thailand. Am J Trop Med Hyg. 2007;76(2):345–50.
34. Gelaw A, Anagaw B, Nigussie B, Silesh B, Yirga A, Alem M, et al. Prevalence
of intestinal parasitic infections and risk factors among schoolchildren at the
University of Gondar Community School, Northwest Ethiopia: a cross-
sectional study. BMC Public Health. 2013;13:304.
35. Miller SA, Rosario CL, Rojas E, Scorza JV. Intestinal parasitic infection and
associated symptoms in children attending day care centres in Trujillo,
Venezuela. Trop Med Int Health. 2003;8(4):342–7.
36. Ngrenngarmlert W, Lamom C, Pasuralertsakul S, Yaicharoen R,
Wongjindanon N, Sripochang S, et al. Intestinal parasitic infections among
school children in Thailand. Trop Biomed. 2007;24(2):83–8.
37. Tsuyuoka R, Bailey JW, Guimarães AMAN, Gurgel RQ, Cuevas LE. Anemia and
intestinal parasitic infections in primary school students in Aracaju, Sergipe,
Brazil. Cad Saude Publica. 1999;15(2):413–21.
38. Osazuwa F, Ayo OM, Imade P. A significant association between intestinal
helminth infection and anaemia burden in children in rural communities of
Edo state, Nigeria. N Am J Med Sci. 2011;3(1):30–4.
39. Nyarango RM, Aloo PA, Kabiru EW, Nyanchongi BO. The Risk of Pathogenic
Intestinal Parasite Infections in Kisii Municipality, Kenya. BMC Public Health.
2008;8:237.
40. Getachew M, Tafess K, Zeynudin A, Yewhalaw D. Prevalence Soil
Transmitted Helminthiasis and malaria co-infection among pregnant
women and risk factors in Gilgel Gibe dam Area, Southwest Ethiopia. BMC
Research Notes. 2013;6:263.
41. May J, Falusi AG, Mockenhaupt FP, Ademowo OG, Olumese PE, Bienzle U, et al.
Impact of sub patent multi-species and multiclonal plasmodia infections
on anaemia in children from Nigeria. Trans R Soc Trop Med Hyg.
2000;94(4):399–403.
42. Olusola O, Adebola MA, Oloyede SB, Akeem AA, Olusegun AA, Oluwaseyi
AA. Asymptomatic falciparum malaria and intestinal helminths co-infection
among school children in Osogbo, Nigeria. J Res Med Sci. 2011;16(5):680–6.
43. Degarege A, Animut A, Legesse M, Erko B. Malaria and helminths co-infection
outpatient of Alaba Kolto heath center, south Ethiopia. Ethiopia BMC Res Not.
2010;3:143–50.
44. Yentür DN, Yıdız ZF, Simşek Z, Zeyrek D. Anemia and intestinal parasite
infection in school children in rural Vietnam. Turkiye Parazitol Derg.
2014;38(2):85–90.
45. Crawley J. Reducing the burden of anemia in infants and young children in
malaria-endemic countries of Africa: from evidence to action. Am J Trop
Med Hyg. 2004;71(2):25–34.
46. Korenromp EL, Armstrong‐Schellenberg JR, Williams BG, Nahlen BL, Snow RW.
Impact of malaria control on childhood anaemia in Africa – a quantitative
review. Trop Med Int Health. 2004;9:1050–65.
47. Achidi EA, Salimonu LS, Asuzu MC, Berzins K, Walker O. Nigerian infants
during their first year of life. American journal of tropica Medicine and
Hygiene. 1996;55:139–43.
48. Cornet M, Hesran JYL, Fievet N, Cot M, Personne P, Gounoue R, et al.
Prevalence of and risk factors for anemia in young children in southern
Cameroon. Am J Trop Med Hyg. 1998;58:606–11.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Njunda et al. Infectious Diseases of Poverty  (2015) 4:43 Page 7 of 7
